MR No. E4J10

-]
; Pt

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 7™ _

'WARTIME REPORT

ORIGINALLY ISSUED

October 1944 as
Memorandum Report E4J10

THE EFFECT OF COMPRESSION RATIO ON KNOCK LIMITS OF
HIGH-PERFORMANCE FUELS IN A CFR ENGINE
I - BLENDS OF TRIPTANE AND 28-R FUEL

By Henry E. Alquist and Leonard K. Tower

Aircraft Engine Research Laboratory
Cleveland, Chio

WASHINGTON

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

E-245




3 1176 01364 8465

RACA MR No. ELJlO

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

-~ o -

MI!MORANIUM REPORT

for the

.Army Ailr Forces, Alr Techniocal Service Command
THE EFFECT OF COMPRESSION RATIO ON EKNOCK' LIMITS OF
HIGH-PERFORMARCE FUELS IN A CFR ENGINE
I - BLENDS OF TRIPTANE AND 28-R FUEL

By Henry E. Alqulst and lLeonard K. Tower
SUMMARY
The knock-limited performance of blends of O, 50, and-
100 percent by volume of triptane (2,2,3-trimethylbutane) in
28-R fuel was determined with a modified ¥-4 englne at three sets
of conditions varying from severe to mild at each of three com-
pression ratios (6.0, 8.0, and 10,0). It was found that the knock
limits of the triptane blend were more sensltive to compression
ratlo than that of 28-R fuel, and the sensitivities of the triptane
blends to compression ratio, as measured by Imock-limited indicated

mean effective pressure, increased as the severlty of other engine
conditions Increased.

INTRODUCTION

At the request of the Army Alr Forces, Alr Technicel Service
Command, a general program 1s belng conducted at the NACA labora-
tory at Cleveland to inveatligate the knock-limited performance of
triptane, Two lnvestigations under this program are reported in
references 1 and 2, The tests reported hersin were mede during
July 1944 with a modifled F-4 engine at both severe and mild engine
conditions with respect to fuel knock; particular emphasis was
placed upon determining the effect of compression ratio on the a.nti-
knock effectiveness of 'brip'bane.
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APPARATUS AND TEST PROCEDURE

An F-4 engine, modified as described in reference 3 and
coupled to a 100-borsepowsr, dlrect-current, oradle-type dynamom-
eter, was used in these tests. At each of three compresslion
ratios, 6.0, 8.0, and 10.0, dcta wers obtained at three sets of
operating caonditions, verying in severlty as follows:

Condltion Inlet-air Coolant Spark
tempgrature tempgrature advance
(F) ("F) (deg B.T.C.)
1l 225 375 45
2 250 250 30
3 150 250 30

Except for compression ratio, engine conditions 1, 2, and 3 corre-
spond to the F-4, modified A, and modified B condltions, respectively,
used in reference 1. Other engine conditlons correspond to specifi-
cation CRC-F-4-443, At each of these conditlons and one of th9 three
compression ratios, blends of O, 50, and 1CO percent triptane (leaded
to 4.53 ml TEL/galS in 28-R fuel were tested on the same day. Data
for the standard compression ratio of 7.0, obtalned from figures 6,
8, and 1l of reference 1, are included herein to make the date more
complete. Inasmuch as the engine installation for the tests reported
in reference 1 differed from that for the present teste, direct com-
parison of the two sets of data may not be Justifiable.

The data for 5C- and 100-percent blends at high compresslon
ratios and at high power are Iincomplete because of preignltion
difficultlies. 8Buch difficulties can be assoclated wlth the pre-
valling high power levels and should not be coneidered es pecullar
to the fuel blends tested.

DISCUSSION OF RESULTS

Experimental data for tests at compression ratios of 6.0,
8.0, and 10.0 are given in figures 1 to 3, respectively. The
knock-1limited performences of the 50- and 100-percent blends of
triptane plus 4.53 ml TEL per gallon relative to the 28-R fuel
at the four compression ratios are glven 1n table I. Approxi-
mately S55-percent improvement in the knock-limited indlcated mean
effective pressure was recorded for a 50-parcent addition of
triptane to 28-R fuel over the complete renge of fuel-alr ratlios
and at both severe and mitld engine conditions for compression
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ratios of 6.0 and 7.0. At compression ratios of 8.0 and 10.0
the ‘gain varied markedly with.engine .severity.. When the engine
operating conditions were moderate, the addlition of triptane plus
4.53 ml TEL per gallon to 28-R fuel allowed substantial improve-
ment in the knock-limited performance over the complete range of
fuol-air ratios, even at a'compression ratio of 10.0.

Teble II gives a comperison. of the ratio 'of kmock-limlted
1ndacated mean effectlve preasures at an inlet-alr temperature of
150" F to that at an inlet-air temperature of 250° F for the three
triptane blends tested at the four compression ratios. The differ-
ence 1n the knoock~-limited indicated mean effectlve pressure for
the corresponding change in inlet-air temperature 1s also included.
With three exceptions the ratio of lmock-limited indicated mean
effective pressures decreased with an inocrease of fuel-alr ratio.
At compression ratios of 6.0 and 7.0 the ratios of knock-limited
indicated mean effective pressure were approximetely independent
of triptane concentration. At compression ratios of 8.0 and 10.0
these ratios lncreased with lncreaslng percentage of triptane,
indicating the higher temperature sensitivlity of triptane. The
data tabulated 1n tables I and II Indicate that, i1f triptane blends
are used in a high-compression-ratio engine, low inlet-alr temper-
atures are required if the beneflts of triptane in increased knock-
limited indicated mean effective pressure are to be realized.

The date from figures 1 to 3 were replotted and data at a
compression ratio of 7.0 from reference 1 (represented by points)
were Included in figure 4 to show the effect of compression ratio
on the knock limite of 0, 50, and 100 percent triptane in 28-R fuel.
As the percentage of triptane was lncreased, the knock-limited
Indicated mean effective pressure of the fuel blend became more
sensitive to compresslion ratio. The result of a change in compres-
Blon ratio was more evident at lean mixtures than at rich mixtures
except at severe operating conditions. As the severity of other
engine conditions increased, the effect of compression ratio became
more pronounced, particilarly at low compression retios.

The graph of the reciprocal of knock-limited indicated mean
effective pressure against percentege composition, as applied in
reference 4, has been shown to be convenient in predicting blending
characteristics of paraffinic fuels. Data from figures 1, 2, and 3
are cross-plotted 1n figure 5 in this manner at both mild and
severe engine conditions and show that a reciprocal relation is
approximately satisfied by the blends of triptane and 28-R fuel at
all compression ratios tested.
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-In reference 1 1t was estimated that all proJected curves of
reciprocal knock-limited indicated medn effectlive pressure against
percentage concentration for blends centalning triptane and 28-R fuel
intersect at infinite indicated mean effectlve pressure and 137 per-
cent triptane. From the deta presented herein, it is apparent that
no camon lntersectlon of the curves exlsts when the range of oper-
ating conditions ls extended over a wider rarge than that used in
tests reported 1n reference 1. This lack of a common point of
Intersection, also indicated in tableI, shows that the percentage
geln 1n knock-l1imited Indicated mean effective pressure resulting
from a given additinn of triptens is dependsnt cn englne operating
conditlons.

SUMMARY OF RESULTS

The results of knock-limited tests of O, 50, and 100 percent
blends of triptane and 28-R fuel in a modified F-4 engine under
three operating conditions at compression ratios of 6.0, 8.0, and
10.0 are summarized as follcws:

l. The knock limit of the triptane blends was more sensitlve
to compression ratio them that of 28-R fuel.

2. The sensitivitles of triptane blends to compression ratio,
as measured by knock-llmited indicated mean effective pressure,
increased as the severlty of other engine conditlons increased,

3. At the high compression ratios tho triptane blends showed
greater temperature sensitivity than 28-R fuel. It 1s therefore
obvious that, 1f triptane blends are used in a high-compression-
ratio engine, low Inlet-alr temperatures are required 1f the
benefits of triptane In increased knock-limited indicated mean
effective pressure are to be realized.

Alrcraft Englne Research Laboratory,
Natlonal Advisory Comittee for Aeronautics,
Cleveland, Ohio, October 10, 1944.
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[Condition 1:
Condition 2:

Condition 3:

FFECT OF COMPRESSION RATTIO ON THE KNOCK LIRIITS OF YLENDS COUTATIIMG TRIPTANE

AWD 28-R FUEL AT THREE SEIS OF EnGINZ CONDITIOHNS

Inlet—~air tamperature, 225° F; coolart temperatre, 375° F;

soark advance, lj5° B,T.C.

Inlat-air temperature, 257° F3 cxolant temperature, 250° F;

spark advance, 30° B.T.C.

Inlet-2ir temperature, 150° Fj coolant temperature,.250° F;

spark advance, 30° B.T.C.

4

imep ratio
Percentage ¥/A = 0,0625 F/A = 0,070 | F/A = 5.0%0 r/A = 0,110
trintane in Condition Condition Conaition oconJition
firal blend®[" T 21 3 [ IT1 2] 31 1T 271 3| 171 21 3
Compression ratio, 5.0
0 1.00{1.00]1.00] 1.00{1.00{1.00 | 1.00|1.G0O|1.L0 | 1.00{1.,0G|1.0C
50 1.45(1.58[{1.5h | 1.46{1.57f1.61 | 1.56]1.60{1.53 | 1.57|1.2}~—
130 ——|2,93|—— | —|2.92
Compression ratio, 7.0 ) .
0 1.0071,0u{1.00 | 1,0011.00} 1.00 | 1.00f 1,00711.00 | 1.00{1.00)1.00
50 1.5711.57i1.57 | 1.57{1.57| 1.57 1.57’1.57 1.57 | L.57j——|—
10c 3.70{3.70{3.70] 3.70]!3.70} 3.70 | 3.70] 3.70{3.701 3,70} =——|—
Compression ratio, 0.0
0 1,00/1.0041.00} 1,C0{1.00{1.C0 | 1.0C]1.0C{1.00 | 1.0011.00[{1.00
50 1.19{1.32{1.57 | 1.37 l.gﬁll.éo 1.51{ 1.421{1.56 | 1.80[1.59{1.1:6
100 1.7612.1,)3.04 | 2,10}2,00) 3,09 | 2.78] 2.26
Conpression ratio, 10.0
[§] 1.0041.060|1,00) 1.00{1.00|1.0C | 1.CO[ 1,00(1.0C | 1.GO|1.CO{1.GO
50 1,07]1.32{1.68 | 1,09)1.38 1,59 | 1.25] 1.35]1.65 | 1.30]1.54]1.5L
100 1,1911.7012,72{ 1.35|1.60 3.C7 | 1.7511.97{2.90 | 2.5212.67|2.72
8rinal lead concentr_tion, anaoroximately 4.53% nl TEL per gailon.

Data estimated from figures 6, 8, and 11 of reference 1.

National Advisory Commidtize
for Aeronautics
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TABL% IT - EFFECT OF DNLET-AIR TEMPERATURE ON T/IZ KNOCK LIMITS OF BLEWDS

CONTAINTHG TRIPTANE AND 28-R FUEL AT FOUR COMPRESSION RATIOS
EThe imep ratic = imeplso/imepZSO. The imep difference = imeplso - imepzso.

F-l; engine operating at modified conditions: inlet-air temperatures, 150°
and 250° F; coolant temperature, 250° F; spark advance, 30° B.T.CJ

Percentage| I'/A = 0,0825] F/A = 0.C70 | F/A = 06,0807 F/A = 0,090
triptane imed |imep imep jinep imep [imep imep |imep
in final |ratio{differ-|ratio|differ—|ratio |differ- ratio|differ- .
blend? ence | ., |ence ence ence
Compression ratio, 6.0
0 1.0 28 |-x20f 21 {1,090 2v | 1,06 1L
50 1 1.12 38 Lel3! L | 1,08} 30 | L.00} ° 2°
100 : —— : .
Compression ratio, 7.00
G 1.2h 37 1.16 28 | 1.09 17 1.05 10
50 1.22 55 1.1 %8 1.10 30 1.04 15
100 1.21} 120 1,16f 100 1.07 50 1.01 10
Compression ratio, 8.0
0 1.33] 4O 1.26 26 1.16 28 1.08 15
50 1.5 90 1.70] 11h 1.561 115 1,720 gl
100 1.87) 227 1.92] 256 je—mm— |- el R AR
Compression ratio, 10.C
0 1.351 30 | 1.27] 26 | 1.12) 16 | 1.09] 14
50 1.70 75 1.h6 62 1.50 8¢ 1.3% 68
100 2.20] 17 | 2.h2] 222 | 1.99) 222 | 1.6C) 1.32

a - . ) .
Lead concentration, approximately 11.5% ml TEL per gallon.
Data extrapolated from fizures 6, 8, and 11 of reference 1.

National advisory Committes
for aesronautics
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Knock=- limited inlet-air
pressure, in, Hg abs,

isfe, lb/hp-hr

Knock=limited imep, lb/sq in.
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Knock-limited inlet-air
pressure, in, Hg abs,

isfc, 1b/hp=hr

Knock-1imited imep, 1lb/sq in.
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{¢) Inlet-air temperature, 150° F; coolant temperature, 250° F; spark advance, 30° B,T.C.
Figure 2, = Continued,



Knock=-limited inlet-alr pressure, in, Hg abs.

isfe¢, 1b/hp-hr

NACA MR No.

E4JI0

11 :}lll 12RRE RRRA llll/vélr IRAEE LAREE SARAE REREE EAREE REAREI NAT 1 ONAL ADVISOF J
: oA COMMITTEE FOR AERONAUTICS
10 E A 2 .
- 4
9 ]
o ]
o E
80F ]
: :
7 .
E 4 ]
o e ]
- B § 4
o o ]
6of \ L
: N ]
X g ]
ﬁt’w—/ ]
= E
50k _
: | o—1| .
bo
o \o\ Triptane
[ ‘o/ + 4,57 m]1 TEL/gal 28-R b
(percent) (percent) -
o g o] 100 21
0| 50 50 .
4 t o4 100 o] ]
[ b
o8 .
: v ]
t'- :
oV /o ]
o % 3
F rd ]
ﬂ'- -4
oF P 1
: L"D/ ]
e :
- r
o ,<>/J Cond}tion 3
e 57
’-." U NETNI FUSYS TGNt SV N FEEN R EUNEY TV NI E U NER AN NI U ETES NN EEE HE NN FEEN] B
205 .06 .07 .08 .09 .10 .11 .12

{o) Concluded,
Figure 2, -~ Conocluded,

Fuel-air ratio



Knock-limited imep, 1b/sq in.

NACA MR No. EU#JIO

NAT IONAL ADV ISORY TT YTrYyrrr TIYv \BBER2 LARAS RARES TTTJITTITYTTT
COMMITTEE FOR AERONAUTICS

daadbay

\RELE BLARES RLAR)
T

1

: 3
o ]
E ]
Loof ]
360F 3
320f // ]
; + a
280l ]
3 3
240f ]
s /l ]
200f p ]
o v p
E Triptane 3
E + 4,53 m)l TEL/gal 28-R /

F (pzrcenté {percent) u/ m
b Led b

4 o 0 100 /
160F a 50 50 / .
o < 100 0 / /u 7]
o ] A 3
3 / n// 3
120 4 o1 ]
3 ( / 3
UCT /_A/ Z = ]
h O O~ 3
40 p
< Cond itlof 1 %
Adl Ad LAl Al 4l lald Al [ESR P ENNI FE NN SUUSIFEUUI NI BN ENINUSS I NS B A/"lﬂlll’l-aza

#05 #06 «07 .08 .09 .10 .11 .12 .13
Fuel-air ratio

(a) Inlet-air temperature, 225° F; coolant temperature, 375° F; spark advence, 45° B,T.C.
Figure 3. - Knock-1imited performance of blends of triptane and 28-R fuel in  CFR
engine at compression ratio of 10,0, Engine speed, 1800 rpm; oil temperature, 168° F,
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Figure 3, ~ Continued,
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(b) Inlet-air temperature, 250° F; coolant temperature, 250° F; spark advance, 30° B.T.C.
Figure 3. - Contlnued,
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(c) Inlet-air temperature, 150° F; coolant temperature, 250° P; spark advance, 30° B,T.C.
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